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A~BSTRACT ' , ' 

Analysis of data, collected by the Hinnesota Research 
and Evaluation Project during 1972, on high school biology, 
cheaistry, and physics classes froa 12 states in 3) regions of the 
United States sliowed no association between class size and student, 
attitude toward science. Potential effects of teachers* attitudes 
toward science and students' achieweaent in science we^e coapensated 
for. A slight correlation was found between cognitive achieveaent and 
class size. A aoderate correlation was found Ibetween achieveaent in 
science and attitude toward science. Student and teacher attitude 
toward science was Measured with the'' Science Attitude inventory 
(SAI) i Student achieveaent in science wast aeasured with the Test, of 
Achieveaent in Science. (Aathor/B6) 

• > . » » ■ . 
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Abttract 

The possibility of an association 1>etVMn positive attitudes toward 
sdenca aaong students and the sljse of a student's Instructional unit was 
investigated using a sanple of high school biology, chemistry, and physics 
students. Hypothesized potential meskln^ effects due to teachers' attitudes 
toward science and due to ^ students' achievenent^ science were identified 
and cOBpensated for. ' The analysis disclosed no evidence for the existence 
of a significant associatirm between class sise and student attitudes. 
Slight correlation was found in. the saaple, however, between cognitivct 
a^hieveoMuit and unit size, and noderate correlation between achievement 
in science and attitude toward science. 
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A Test of thm Assoclatlan of CUHj51s(R„to . . 

Students* Attitudes Toward Science 

'"^ Wllliem H. Ward 

, University of Minnesota 

In Increasing numbers, the objectives of science education programs 
explicitly Include an affective component addressing the desirability for 
students tp emerge with positive attitudes toward the scientific enterprise, 
'and its practitiiWers (Klbpfer, 1971). This may well be appropriate, for 
a study concluded .just prior to the appearance of one of the earliest NSF 
supported curricuium projects, PSSC Physics in i?57, reported high school 
students at that time generall^r held negative' attitudes towmrd science and ' 
scientists (Heath, Ifaier, R«ners, and Rodgers, 1957), 

One variable which may be directly controlled in attempts to gain 
obiectlves in attitudinal areas is the size of the lastructlonal unit. 
There currently is no conclusive evidence fojc a . relationship between cognitive 
achievement and class size (Shapson, 1972; Sltkel, 1968; Walberg, 1969), 
although .much research has been done oh the topic. In the affective area, 
however, Kahn and Weiss (1973) contend "...at present there is no research 
evidence on the affects of class Size<on affective learning" (p. 779]. 

Two fictors which might mask a class 8lze>studient attitude association 
are teacher attitudes toward science and student achievement In science. 
Reports of teacher-student attitude relationships are few.' Motwitlietandlng, 
"...it woiad appear the relationship between teachers* and students' attitudes 
has been regarded as axiomatic...". [Kshn and Weiss, 1973, p. 774]. 



__Attltud«« and cognitive achievcatnt have b««n shown to b« r«l«t«d (Blooa, • 
1971; Jackson, 1968),. although, sttltudM imr« usually daflnad as attltudas 
toward the schbol>-«ran institution or toward a specific class in the school 

rathar than toward a dlsclpllna or field of andaavor* * 

* «. " * 

One might logioaiy' question whether "attitude toward science" is 

f ■> ■ ■ 

necessarily a single, honoganeous construct. An alternative view could 
consider .two segments: an intellectual attitude, thi|t based upon some 
knowledge about the psychological object of the attitude, and an emotional 
attitude baaed upon a feeling or emotional reaction to the paychologlcal' 
object of the attitude. If, Iddeed, such a division does exist, the 
P<»«»JWllty of differing degrees of association with instructional unit 
site is rilsed. 

Thlf study sought to determine if a class sise-student attitude 
assoi:iatlon. did exist among subjects in the data base of a large scale 
evaluation project, compensating for potential masking effects of teacher . 
attitude and atudent achlevenent. 

Method 

Data CoUectlon 

Data . used In this uti^jzz^k^^ y^xtixxti of ""the baseline Information 
collected by the Minnesota Research and jBvaluatlbn Project (MREP) during 
1972 (Welch and Gulllckson, 1973). nigh school biology, chemistry, and 
physics classes -from twelve states in three regions of the United States 
comprise the sample. 

MREP used the^ school as the basic expi^rlmental tmlt* All schools 
within a geographic area of* Interest were stratified by population, and 
.each strata systematically sampled (Gulllckson and Welch, 1972) . 



At each sample school, one teacher and one claiss of that teacher were 
rando«iiy selected for study. To facilitate data gathering, achlevaMnt ' 
and attitude instruments were each written by a randopi third* of the students - 
in each class sampled (Walberg an4 Welch, 1967). 

yarimbles . • , 

FiTom.the data available, eight variables were selected for use in this 
Study. 

1. / CltiBB Size. 

2. Student Attitude Toward Science as measured with' the Science Attitude 
Inventory (SAI), a Llkert^type attitude neasura designed to assess 
attitttdes toward science. Reported reliability (test-retest) 

r - .93 (Hobre and Sutman, 1970^., 

3. Student Achievement in Science as measured with the Test df 
Achievement In Science (TAS), a 45-item multiple choice instrument 
comprised of items selected from the National Assessment Test for 
Science (Lawrena, 1972). Reliability (KR20) calculated f rom MREP 
sample r " .87 (Garibaldi, 1974). - . 

4. Teacher Attitude Toward Science as measured- with the SA,I. 
5.. Student Emotional Attitude Toward Science. 

6. Teacher Emotional Attitude Toward Science. 
. 7. Student Intellectual Attitude Towar»l Science. 

8. Teacher Intellectual Attitude Toward Science. . 

Variables one through four were available, directly from the MREP data. 
The SAI, in addition to a total score, yields scores on six subscales, three 
purporting to measure Intellectual attitudes and three eaotional attitudes. 
Valriables five through eight were constructed by sumlng scores on the 
appropriate subscales. 



A« a pr«ll«liuiry ch«ck on thm qutstlon of hottogCMlty of "«ttltud«," 

eorrelatlontt were calculated batvaan tha varlablaa daslgned to Ma'suia tha 

. ^. • .*■ ■ \ » ' ■ 

.^Atallaetual and tha «motlonal cosponenta for taiKhar and for studant 

groupa. Lattlng tubscrlpta danota variablas, thaaa iiould ba r^, and r^-». 

. V. / . " 08 

Retttlts vera r^^ - .58 and r^g - .51. • Thata vara considarad auffldantly » 

low to retain tha possibility of latellactual and emotional attitude being ■ 

dlstlngulshably different constructs. All eight varlables^Jrfire, thus, • . " 

retained and the decision nede to conduct three parallel. Analyses, one 

considering only emotional att?.tuda8, oina only intellectual attltudea, and 

• * ' ' * , ♦ 

one tha sum of both conponanta. 

In this study, as In the MREP data, the class was used aa the basic 
experimental ucU (case); thus, values of varUblea 2, 3, 5, and 7, are*^ 

• ft 

class means for each Individual case a Teacher attitude and class size nere 
used directly as reported. Each case vas weighted equally, regardless of 
class B±zp. * * 

Hypotheses ^ " ' ^ 

The qvestlons at Issue vere vhetKer smaller class sizes tended to ba ^ 
asaociated vlth higher ^(more positive) ^attitude scores when teacher attitude 
and student achievement differences were compensated for. The following 
hypotheses, as to partial correlation coefficients of class slz« and 
attitude measures adjusted for student achievement and teacher attitude, 
were considered: « « 
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** 


r. V- > 0 
12.34 - 




'12.34 ® 
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* H'»: 






'15.36 ^ ° 


H 

0' 
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'17.38 i 0 




'17.38 ^ 0 







cUh slst - student total attitude 
partlallng out atudtiit achlavamen^ 
and teacher total, attitude 



class slse student eaotional attitude 
partlallng out student achievement and 
teacher eaotional attitude ' 



class else studen^lntellectual 
attitude partlallng out^ stik^ent achieve^ 
aent and teacher Intellecttial attitude 



iflth the decision to reject «a If o < •Ol. 
Analysis 

All numerical analyses Wre perfotaed using programs from the 
St«tlotic«l Peckage for tha' Social Sclanca»:^(SPSS) (Nla, Bant, and Hull, 1970). 
Dascrlptive atatlatlca for aacli variabla'wara computad and are ahown In Tabla 1. 



Inaart Table 1 about here 



Assua^g .the SAl at homogeneous across emotional and Intellectual 
attitudes, variables 1, 2, 3, and 4 nere first considered* The total 
correlation natrlx vaa computeo and a acnttar plot waa conttnicted for eacKv) 
variable pair to confirm that relatlonahlpa were aufflclently linear for 
the analysla to proceed. Plrst and aecond order partial correlatlmia vere . 
computed from the correlation matrix. All correlatlona and their algnlflcance * 
levela (one tall) are ahown In Table 2. 



Inaert Table 2 about here 



TABLE 1 

Descriptive Sta^stlcs for Study Variables 



; ViirlAble ^ ' . 


X • 






1 (Clasf Sl«e)' 


20.52 


. 8.11 


243 


2 (Student Total Attitude) 


110.42 


7.93 


242 


3 (Student Achleveaent) 


23.47 . ■ 


5.16 


239 


\ 4 (Teacher Total Attitude) 


U7.ll 


12.33 


' 234 


•* 

5 (Studeni^ Bnotlonal Attitude) 


52.27 • 


4.30 


242 


6*«(Teacher Emotional Attitude) - 


' 61.48 • 


6.25 

* 


234 


7 (Student Intellectual Attitude) 


. 58.16 . 

* * 


4.62 


\ 242 


8 (Teacher Intellectual Attltt^e) 


65.62 


7.81 • 


234 



''Differences in n reflect Incomplete data for.sone cases. 
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TASLB 2 • • 
Co.rr«latlOM Considering Total SAI Sco:fcs 

* . s , significance 

Iten Correlation'' * Level „ d£ 

^^12 _ "•2§ ■ < .01 . 242 

'l3 ' , ^ ' --32 < .01 ' . ' • 237 

'14 • ' ..--^V- 'l . . -06- . .231 

'23 .63 . . < .01 ^ 23(6 

'24 . . . ' " ' -<-.0i, 230 

'34 " ■ -22 ' . ,< -.0i / 229 

'23.1 • .60 • ' - < .01 

•'24.A . . . ' ' ■ ; < -01 

'34.1 . ' . *<.-J>l 

''13.2., ■ --2^. . < .01. 

'14.2 *, I - --05 ' .21 

'34.2 ■ ^ . -0* 

5i2'.3 ' . -.08 /- - . .12 

'14.3 ■ . ' . -29 

'24.3 ■ 

'12.4 -24 : ;. . ' < .01* 

'13.'4 , . ' ' ■ 

J^23.4 '^2 < .01 

^34.12- ' -05 . * b 

'24.13 • ■ ''08 . ' . ^ • 

'23.14 ^ ' ' ' < .01 ^ . • b 

'14.23. • --03 ' -33: " b 



'13.24. V • ^-20' . . <\hl . • ^ ' b 

'12.34 . 



A- 



'significance level coiqmted for 228' degrees of 'freedom. 
Significance level confuted for 227 degrees of freedom*' 
Sub^?crlpte reference verieblee - See Table 1* . 
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The eaotlonal attiradM portion of the SAI.vas then 'considered 
sepirateiy, ^ an identical procadure to that., above was applied to 
variables 1,-3, 5, -and 6., The correlations are shown In- Table 3.. 



Insert Table 3 about hart 



- • Finally, .the Intellectual attitudes portion of the SAX was considered 
by processing variables 1, 3>'7, aiid 8, These correlations are shown in. 
Table 4e ' / ' \ ' ^ " ^ ' \ A 



^ Insert Table 4 about here 
Reaultr . * 



Jbe rejected at the' .01 level of slgulflcance.. ' 

Dlicusslbn • * 

' - ■• ■ * • , 

Ho firm evidence vas found to support the belief that better generation 
of i>08ltlve attitudes toward science is associated with smalleri^lijistructlonal " 
units* - , - , ' 

fKe teits of the constructs "Intellectual attitude" and "emotional attitude, 

proposed as being distinguishable components of ^'total attltudSt^* produced 

stlfflllar results. This would suggest that total attitude is not 

readily divisible In this way or» alternatively^ that thci methods here used 

were too cTude and superficial to detect a true underlying division • 

^ ' :\ ; " 

Two pairs of factors • class slse-achievement and achievewnt«-attitude» 

/' 

did produce consistently higher correlations on all^ three runs: eaotlonal » 



TABLE 3 

'Correlations ConsldariAg Endtlonal SAI Scores 



ItOB 



Correlation 



^ ^15 
'16 
/35 
'36 

- '56 . 
,J-35.1 

\ '56.1? 

; . '15:3 
'16.3 
'56.3 

'13.5 

'36.5- V 
'13,6 



,t ^ r 



15:6 



■^35.6 



.._^_J5^.*43 
H''36.15 



'35.16 
[l6.:35- 
^15.36 
^13.56 



-T— 

-.32 

-.17 - . 
-.02 ^ 

-,..13 

.46 

.■13 ^ ' 

V.02 
..03 <^c^' 
\ 0 i ' ' ' 

-.27 .V4.,, 

-.004 
.11 . 

-.32'" ^ 

.11 . 
.45 

_^-..03--- 

-.02- 



^SlgnlflcAiice 
Level 



df 



< rOl 
'^^'.01 

-.40 
■< ..01 
.02 
.13 

< ,0U 
.02 
.14 

i34 
> %44 

.48 

< ,01 
^ < .01'- 

< .01 . 

' :43 

. 04 " 

< .61 

.36 

< .01 - 



/ 237 
* .240 
231 
236 
231 
' 230 



a^ 



b 



Slgnlflcence level cooq^uted for 229 <legreee of free^ome 
Slgnif Icerice level craputed^^^r^^ ^reedotti 
. Subscripts reference veriebles - See TsWe i. » » 
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. • - TABLE 4 

Correlation^ Considering Intellectual SAI Scores ' ^ 





Item*. 


Cotralatlon 


Significance 
Level ^ . 

J 


ux» 






-.32 . " 


<. .01 




237 




• 

'17 ' 


-.28 


< .01 




240 




> 


-.15 


.01 


** 


231 




■ '37 . . 




' < .01. 




236' 




\ '38. 


.24 


s < .01 


?, ' * V .' 


229 




- 78: 


. .30 


* < .01 


^ ' ^' 


230 


\ 


'37.1 


.60 


<*.01 ' 


9 


a 




'38.1 5 


.20 






a 




'78.1 


.27 


< .01 . 


♦ , 


'a 




* 'l7.3 . 


-Ju 


'.05 




a , 




• ; 'l8.3 , - 


• r.08 


; .12 : 




a- 




^ '78.3 r 


■:2o :* . • 


' < .01 


. \ * 


a~ 




^ '13.7* 


-;19 


" ! ,< .01 




a 




'^18.7 


,-.07 ^ ' . . 


. 15 




; a -'^ 




'38.> 


.06 • 


r > .16: . 




L 

A 




13.7 » 


-.29 • 


/< .01 

.Ql » 




" a " ' 




'17.8^ 


-.25 , 




a 




. '37.8' . 


.61. 


< .01 . 




la 


• 

to 


'78.13. ^ 
'38.17. . ■ 


.05 ^ 


<,.01 '. 
.21, . 


♦w .« 
4 


31 




* '^37.18 > \ 
. 'l8»37 


.55 / ■ 
-.06 . 


< .01 
.19. 




b 

'b ^ 




'17.39 . 
. '13.78 ' 


10 , . ' 


' . .07 

0 

- .< *.01 


-^^^ 


b 



' ^significance level cosq^t^ed for 22^ degte^ of freedon* 
Significance level coaq>uted fo^/227 degrees of freedom. 



J Subi^crlpts reference variables - See Tables 1« 

, , ^ , _ 



intellectual, and composite. They were in all instances significantly 
different from zero at the *01 level. It should be remembered, however, 

\ that the number of cases in this study was moderately large and, in such 
instances, even small correlations become statistically significant. , 
Realistically, there are few variables in schools wKich are truly totally 
independent of each other, and one's practical concern should be with the 
amount of Implied association. 

The consistent association of achievement to class sizes ^s somewhat 
at odds with many other studies mentioned in the reviews cited above 
(Shapson, 1972; Sltlcel, 1968). One explanation Is that this may be a 

'Spurious' effect due to the nature of the MREP data. Students were not 
assigned randomly to various sized classes but, rather, sampled as they 

; were found. Schools which continuously and 'systematically produce students. 

scoring highly on achievement measures are inclined to be those financially 

able to support smaller classes. An alternate explanation, of dour se, is 

that the association, though weak, does, in truth, exist. 

The strong association between achievement and both intellectual and; 

emotional attitudes cannot be denied. Bloom (1971) proposes that attitude- 

achievement associations are functional, in that advancement in one promotes 

advancement in the other in a sort of bootstrilp fashion.' If this is so in 

the particular case of attitudes toward and achievement in science— and one. 

^must admit to the obvious surface logic of such'^a relationship — several 

« * , ' • , * ' " ' 

implications may be drawn. Generalized objectives may continue to^be 

^f emulated from both domains; however, we are currently far more skilled 

in defining, measuring, and Hevisliig instructional schemes to work achieve- 

^ \ ' ^ : 

menLto of those '3Ln the cognitive. The existence of a functional relationship 



J- 



would suggest that by merely treating cognitive concerns sffectlvely on* ' 
would be provoking advanceaent on the affective front, as nell. This Is not 
a valid rationalization for Ignoring explicitly affective objectives, since 
the converse of the relationship would equally hold, and effective treat- 
ment of affective objectives would be expected to also produce cognitive 
advancement. ^ The postulated interactive nature of the domains would 
warrant a bif rental approach. A functional relationship thus liq*lies 
attainment of affective objectives may be proceeded toward by utilizing to 
, the fullest our considerable techniquie in cognitive instruction while' 
develdplng a comparable sophlgtlcation In the affective domain. Wlien theee 
affective techniques are developed and applied, an expected secondary effect 
would be cognitive advancement. - ' 

Returning to the Initial Issue of instructional unit size, it, would 
seem. In view of the above, that the proper question would be whether unit 
* size is associated with achievement of objectives in either cognitive or 
affective areas. The bulk of the^ evidence seems to indicate not, the 
slight ^sociation to cognitive achievement found by this 9tudy notwith- 
standing. In simply counting heads, howeyer^ a basic premise of differential 
unit size can be overlooked, that being the differential hospitality of 
differing sizes to various teaching strategies and instructional systeito. ^ 
The assumption that these differences are exploited fully in each situation, 
thus maximizing the potential of the particular unit size, is often not 
justified.- Perhaps a proper first step toward more ultimate, goals would be 
to work to more closely match teaching methods to, the size of the unit in 
which they are employed. Better judgments could then be made as to^the 
comparative utility of differing size units as educational settings. 
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